Japanese Patent Laid-Open No. 5-55581 

Laid-Open Date: March 5, 1993 

Application No. 3-238709 

Application Date: August 26, 1991 

Inventors: Shunpei Yamazaki et al. 

Applicant: Semiconductor Energy Laboratory Co., Ltd. 

[Title of the Invention] 

THIN FILM SEMICONDUCTOR DEVICE AND METHOD FOR 
MANUFACTURING THE SAME 
[Abstract] 
[Constitution] 

In a thin film semiconductor device such as a TFT formed on an 
insulating substrate, the thin film semiconductor device characterized in 
that a first blocking film comprising silicon nitride, aluminum oxide, 
tantalum oxide and the like is formed under the semiconductor device via 
an insulating film for buffering, and that a second blocking film is formed 
on the TFT to cover the TFT with the first and second blocking films, 
thereby preventing the intrusion of mobile ions from the substrate or the 
outside, wherein the channel region and the gate insulating film of the TFT 
contain halogen element of 1 x 1018 C m-3 to 5 x 1018 C m-3 , and a method 
for manufacturing the same. 

[Claims] 

[Claim 1] A thin film semiconductor device comprising: 
a first blocking film formed on a substrate; 
an insulating film formed on the first blocking film; 
a thin film transistor formed on the insulating film and comprising 
a channel containing halogen atoms of 1 x 1018 /cm3 to 5 x 1020/cm3 ; 

and 

a second blocking film formed to cover the thin film transistor. 
[Claim 2] A thin film semiconductor device as claimed in claim 1, 
wherein the insulating film contains halogen elements therein. 
[Claim 3] A thin film semiconductor device as claimed in claim 1, 
wherein the first blocking film and the second blocking film comprise 
silicon nitride, aluminum oxide, and tantalum oxide. 
[Claim 4] A method for manufacturing a thin film semiconductor 
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device, the method comprising the steps of: 

forming a first blocking film on a substrate; 

forming a first insulating film on the blocking film; 

forming a silicon film containing halogen atoms of 1 x lCM8/cm3 to 5 x 
1020/cm3 on the first insulating film; 

forming a second insulating film on the silicon film; 

forming a gate electrode on the second insulating film; and 

forming a second blocking film to cover the silicon film and the gate 
electrode. 

[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] 

The present invention relates to a thin film semiconductor device such 
as a thin film transistor which excels in reliability, mass-production, and 
yield thereof, and a method for manufacturing the same. The present 
invention is applicable to, for example, a driving circuit or a three-dimensi 
onal integrated circuit used in a liquid crystal display or a thin film image 
sensor and the like. 
[0002] 

[Description of Prior Art] 

Heretofore, a semiconductor integrated circuit has been mainly a 
monolithic type, which has been formed on such a semiconductor substrate 
as silicon or the like. Recently, it has been tried to form it on an insulating 
substrate such as glass, sapphire, and the like. This is because an 
operation speed will be increased according to the decreased parasitic 
capacity between a substrate and a wiring; in particular, quartz or glass 
materials are not limited in size like a silicon wafer and not expensive; and 
each device is easily separated and, in particular, a latch-up phenomenon 
will not occur which poses a problem in the monolithic integrated circuit of 
CMOS. Further, in the liquid crystal display and the contact type image 
sensor, in addition to the reasons described above, a semiconductor device 
is required to be integrated with a liquid crystal element or a light- 
detecting element, and thus it is necessary to form a thin film transistor 
(hereinafter referred to as TFT) on a transparent substrate. 
[0003] 

For these reasons, a thin film semiconductor device has come to be 
formed on an insulating substrate. As an example of a conventional thin 
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film semiconductor device, a TFT is shown in FIG. 5. As shown in FIG. 5, a 
film 503 of silicon oxide etc. is formed on an insulating substrate 501, as a 
passivation film, and thereon, a TFT is formed independent of the other 
TFT. Like the MOSFET of a monolithic integrated circuit, the TFT has a 
source (drain) region 507, a drain (source) region 509, a channel forming 
region 508 (simply called as a channel region) which is sandwiched by the 
regions 507 and 509, a gate insulating film 504, a gate electrode 510, a 
source (drain) electrode 511, and a drain (source) electrode 512. Also, it is 
provided with an interlayer insulator 506 of PSG (phosphosilicate glass) 
etc. so that a multilayer wiring can be made. 
[0004] 

An example in FIG. 5 is called a coplanar type, but the TFT has further 
different types such as an inverse coplanar type, a stagger type, and an 
inverse stagger type, according to the arrangement of a gate electrode and 
a channel region. These types will be referred in details to the other 
literatures and will not further be described in this specification. 
[0005] 

[Problems to be Solved by the Invention] 

Also, in the case of the monolithic integrated circuit, alkaline ion such 
as sodium and potassium, or transition metal ion such as iron, copper, and 
nickel poses a serious contamination problem, and much attention has 
been paid to stop the intrusion of these ions. In the case of the TFT, the 
problem of these ions are serious as well, and much attention has been 
paid to the purification of a manufacturing process so as to prevent 
contamination by the ions as much as possible. Also a countermeasure has 
been taken so that the contamination of these ions do not extend to the 
device. 
[0006] 

The thin film semiconductor device is different from the monolithic 
integrated circuit in that the concentration of contaminating ions in the 
substrate of the former is comparatively higher than that of the latter. 
That is, a single crystal silicon used in the monolithic integrated circuit has 
been manufactured so as to eliminate these harmful contaminating 
elements, based on the long-time accumulated technologies. The 
concentration of these contaminating elements in the commercially 
available single crystal silicon is 10*0 cm- 3 or less. 
[0007] 
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However, in general, the concentration of the contaminating elements 
in an insulating substrate usable for the thin film semiconductor device is 
not low. Of course, in the case of single crystal substrate such as a spinel 
substrate or a sapphire substrate, it is theoretically possible to reduce the 
concentration of a foreign element which will be a contamination source 
described above, but it is difficult in actuality from the viewpoint of 
profitability. Also, in the case of a quartz substrate, it is ideally possible to 
prevent the intrusion of the foreign element, if it is prepared in a gaseous 
reaction using a high purity of silane gas and oxygen as a raw material. 
However, because the structure of the quartz substrate is amorphous, it is 
difficult to eject the foreign element to the outside if it is once taken 
therein. Also, a substrate used in the liquid crystal display gives a priority 
to a cost problem in particular, and then it is required to use a cheap 
substrate, which originally contains various sorts of foreign elements so as 
to make the manufacturing and processing thereof easy. Some of such 
foreign elements are not desirable in themselves for the semiconductor 
device, and there are cases where the foreign elements will be mixed into 
the substrate from the outside in the process of adding these foreign 
elements, or they are contained in an additive material as an impurity. 
[0008] 

Since, for example, TN glass is a cheap glass substrate having good 
heat-resistance, and equivalent to silicon in a heat expansion coefficient, it 
is desirable for the substrate used in the liquid crystal display. However, 
it contains about 5 % lithium, a part of which is ionized to intrude into the 
semiconductor device as a mobile ion, thereby deteriorating the device. 
Further, it is difficult to prepare lithium having a high purity of not less 
than 99 %, and about 0.7 % sodium is usually contained therein. An 
ionization ratio of the sodium is very high to show about 10 %, and a 
sodium ion causes a very serious effect on the characteristics of the device. 
[0009] 

As shown in FIG. 5, in a conventional thin film semiconductor device, 
the intrusion of these mobile ions has been prevented by using silicon 
oxide etc. as a passivation film and by gettering the mobile ions by 
employing PSG or BPSG as an interlayer insulator. However, it has been 
difficult to prevent the contamination sufficiently by these methods. It is 
an object of the present invention to prevent the device from being 
deteriorated by the intrusion of these contaminating elements or ions. 
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[0010] 

[Means for Solving the Problems] 

The present invention is characterized in that in order to prevent the 
above mentioned contamination, a film (blocking film) such as a film of 
silicon nitride, aluminum oxide, tantalum oxide and the like, which has a 
function to block the mobile ions, is formed on both of the bottom and top 
surfaces of a thin film semiconductor device, and further, 1 x 1018 to 5 x 
1020/cm-3, preferably 1 x 1019 to 1 x l020/cm3 of halogen element such as 
chlorine, fluorine, and the like is contained in either or both of a 
semiconductor film (channel region) and a gate insulating film which 
constitute the TFT. The halogen element has a function that it will 
combine with mobile ions such as sodium strongly in the semiconductor 
film or the insulating film to lower the effect of the mobile ions 
exceedingly. 
[0011] 

A typical example according to the present invention is shown in FIG. 
1 showing a TFT to which the present invention is applied. That is, a first 
silicon nitride film 102 is formed on an insulating substrate 101, as the 
first blocking film which has an effect of preventing contamination by the 
substrate. On the first silicon nitride film, for example, a film 103 such as 
silicon oxide having a good contacting property with a silicon material is 
formed. If the TFT is prepared on the first silicon nitride by directly 
forming the semiconductor film without forming the film 103, a channel 
region will become conductive according to a trap level generated in an 
interface between the silicon nitride and the semiconductor material and 
thus the TFT will not operate. Therefore, it is important to provide such a 
buffering member. 
[0012] 

The TFT is formed on the film 103. The TFT has a source (drain) 
region 107, a drain (source) region 109, a channel region 108 interposed 
between the regions of 107 and 109, a gate insulating film 104, and a gate 
electrode 110. Each region of source, drain, and channel of the TFT is 
formed of a semiconductor material which is single crystal, polycrystalline, 
or amorphous. As the semiconductor material, for example, silicon, 
germanium, silicon carbide, and alloys thereof can be used. 
[0013] 

Then, a second silicon nitride film 105 is formed as a second blocking 
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film covering this TFT. The present invention is characterized in that the 
second silicon nitride film is formed, after the formation of the TFT and 
also before the formation of an electrode at the source and/or the drain. 
In the prior arts, a silicon nitride film as a final passivation film is formed 
after an electrode is formed. However, the present invention is different 
in an object to form the silicon nitride film from the prior arts. That is, in 
the present invention, the second silicon nitride film is formed so as to 
wrap up the TFT with the first silicon nitride film and to prevent 
contamination in an electrode forming process after the formation of the 
TFT. Therefore, it may be possible to form the silicon nitride film as a final 
passivation film, like the prior arts, after the TFT and its accompanying 
electrode or wirings are formed in accordance with the present invention. 
[0014] 

Then, after the formation of the second silicon nitride film, an 
interlayer insulating film 106 is formed of an interlay er insulating 
material, for example, PSG or the like. After that, a source (drain) 
electrode 111 and a drain (source) electrode 112 are formed. As 
mentioned above, aluminum oxide or tantalum oxide may be used to form 
the blocking film instead of silicon nitride. 
[0015] 

In the example in FIG. 1, however, the gate insulating film extends to 
a distance, and there is a possibility that a mobile ion etc. will intrude into 
the inside of the TFT from the edge portion of the gate insulating film. An 
improvement on this point is shown in FIG. 2, in which the gate insulating 
film is formed only on the TFT, thereby eliminating the problem posed in 
FIG. 1. However, in this case, since some portions of the source region and 
the drain region, which are adjacent to the channel region are in contact 
with the silicon nitride film, there may be the cases where the silicon 
nitride of the portions are polarized or trap electrons by a gate voltage to 
disturb the operation of the TFT. 
[0016] 

An example which overcomes the above problem is shown in FIG. 3 in 
which the source region and the drain region which are adjacent to the 
channel region are not adjacent to the silicon nitride film, so that the above 
described problem of the polarization and the electron-trapping of the 
silicon nitride can be solved. However, in the case of applying a self- 
alignment process using a gate electrode as a mask in the forming of the 
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source and drain regions, as is the case with the example in FIG. 1, it is 
necessary to implant an acceptor element or a donor element through the 
gate insulating film. Therefore, if an ion implantation method is employed, 
it is required to raise ion acceleration energy. On that occasion, a high 
speed ion will be implanted thereinto, and thus, there may be the cases 
where the source region and the drain region are expanded by a secondary 
scattering of the high speed ion. 
[0017] 

In FIG. 2, the reference numeral 201 is an insulating substrate, 202 is 
a first silicon nitride film, 203 is an insulating film for buffering such as 
silicon oxide, 204 is a gate insulating film, 205 is a second silicon nitride 
film, 206 is an interlayer insulating film, 207 is a source (drain) region, 
208 is a channel region, 209 is a drain (source) region, 210 is a gate 
electrode, 211 is a source (drain) electrode, and 212 is a drain (source) 
electrode. Further, in FIG. 3, the reference numeral 301 is an insulating 
substrate, 302 is a first silicon nitride film, 303 is an insulating film for 
buffering such as silicon oxide, 304 is a gate insulating film, 305 is a 
second silicon nitride film, 306 is an interlayer insulating film, 307 is a 
source (drain) region, 308 is a channel region, 309 is a drain (source) 
region, 310 is a gate electrode, 311 is a source (drain) electrode, and 312 is 
a drain (source) electrode. 
[0018] 

In the case where the silicon nitride film is used as the blocking film, 
according to the present invention, in a chemical formula represented by 
SiNx, a good result was obtained by selecting X = 1.0 to 1.7, preferably X = 
1.3 to 1.35 which is equivalent to or close to a stoichiometric composition 
(x = 1.33). Therefore, in the present invention, it is better to form the 
silicon nitride by using a low pressure CVD method. However, it is 
needless to say that even the silicon nitride film formed by a plasma CVD 
method or a photo CVD method improves reliability in a device, compared 
with the one formed without using the present invention. 
[0019] 

In the case where the silicon nitride film is formed by the low 
pressure CVD method, it is recommended that dichlorosilane (SiC^Fh) and 
ammonia (NH3) be used as raw materials and be reacted with each other 
under conditions of a pressure of 10 to 1000 Pa and a temperature of 500 
to 800 °C, preferably 550 to 750 °C. Of course, silane (SiH 4 ) and 
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tetrachlorosilane (SiCU) can be used. 
[0020] 

Further, even in the case where an aluminum oxide film or a tantalum 
oxide film is used in the present invention, the closer to a stoichiometric 
composition, that is, AI2O3 or T^Os the composition was, the better result 
was obtained. These films are formed by the CVD method or a sputtering 
method. For example, an aluminum oxide film can be formed by oxidizing 
trimethyl aluminum A1(CH3)3 by nitrogen oxides (N2O, NO, NO2). 
[0021] 

In order to carry out the present invention more effectively, it is 
recommended that the concentration of a hydrogen atom in the 
semiconductor film of the thin film semiconductor such as the TFT be four 
times or less, preferably one time or less of the added halogen atom, and 
that the concentration of a harmful element such as carbon, nitrogen, or 
oxygen be 7 x 1019 C m-3 or less, preferably 1 x 10*9 cm-3 or less. Further, 
it is recommended that the concentration of the mobile ion such as sodium, 
lithium, or potassium contained in the semiconductor film be 5 x 1013 cm- 3 
or less. In order to achieve the above mentioned objects, it is desired to 
pay a full attention to a material gas and to use gas having a high purity of 
5 N or more. Further, according to the present invention, it is born in mind 
that the insulating substrate containing a lot of mobile ion sources is used, 
and in order to conduct the present invention more effectively, it is 
recommended that when the first silicon nitride film is formed on the 
substrate, the surroundings of such substrate be completely covered with 
the silicon nitride film. In such a situation, it is possible to exceedingly 
lower the probability that the mobile ion originally contained in the 
substrate mixes into a device region in the following handling. 
[0022] 

FIG. 4 shows an example of forming a lightly doped drain (LDD), which 
is a well known prior art, according to the present invention. First, a 
silicon nitride film 402 having a thickness of 50 to 1000 nm is formed on 
an insulating substrate 401 such as quartz or AN glass by using the low 
pressure CVD method. At this time, if all the surface of the substrate 
including its back side are covered with the silicon nitride film, as 
described above, the probability that the mobile ions generated in the 
back side reach the top surface in a later process will be remarkably 
lowered, which is preferable in keeping the manufacturing equipment 
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purified. A silicon oxide film 403 for buffering having a thickness of 50 to 
1000 nm is formed on the silicon nitride film, also by using the low 
pressure CVD method. At this time, if gas containing halogen such as 
hydrogen chloride (HC1), nitrogen fluorine (NF3 or N2F4), chlorine (CI2), 
fluorine (F2), various sorts of fleon gases, and carbon tetrachloride (CCI4) in 
a ratio of 3 % to 6 % by volume, for example, 5 % by volume is mixed in the 
raw material gas, a halogen element such as chlorine, fluorine will be 
involved in the obtained silicon oxide film. 
[0023] 

Since this halogen combines with alkaline ion such as sodium to fix 
sodium, it is very effective to prevent sodium contamination. However, an 
excessive addition of the halogen is not preferable because it makes a film 
rough and causes damage to its adhesion property and surface flatness. 
Also, it is recommended that the above mentioned gas containing the 
halogen element be mixed into the raw material gas in a ratio of 2 to 5 % 
by volume, in the case of forming the film by using the photo CVD method 
or the plasma CVD method, instead of the low pressure CVD method. 
Further, it is recommended that the above described halogen gas be mixed 
into a sputtering atmosphere by 2 to 20 % by volume, in the case of 
forming the film by the sputtering method. Since the gas composition of 
the atmosphere resists being reflected to the composition of the film, it is 
required that the concentration of the halogen gas be larger in the 
sputtering method than in the CVD methods. 
[0024] 

Then, an amorphous silicon film, a microcrystalline film or a 
polycrystalline silicon film is formed in a thickness of 20 to 500 nm, by 
means of the low pressure CVD method, plasma CVD method or sputtering 
method. Then, this film is etched to form an island shape. When the 
silicon film is formed, it is recommended that the halogen element be 
introduced into the film as is the case of forming the above mentioned film 
403. As a method for introducing the halogen element, it is recommended 
that gas containing the halogen element be mixed into the atmosphere for 
forming the film as is the case of the film 403 described above, or that the 
halogen element be introduced by the ion implantation method after the 
film is formed. At this time, it is required to control the concentration of a 
raw material gas so that the concentration of the halogen element in the 
film be in the range of 1 x 1018 to 5 x 1020 / C m3, preferably 1 x 1019 to 1 x 
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1020 /cm3. 
[0025] 

Still further, at the same time, if the concentration of a hydrogen 
element in the film is four times or less, preferably one time or less the 
concentration of the halogen element, the effect of addition of the halogen 
element will be raised. This effect can be explained as follows: hydrogen 
atom is necessary for terminating a dangling bond of silicon, but its 
combination is weak and is easily loosed. On the other hand, halogen 
element combines with the silicon strongly. If hydrogen exists excessively 
in the silicon (which means that there are a lot of dangling bonds in the 
film), almost all the halogen will combine with the silicon, and thus cannot 
effect the gettering of the mobile ions traveling in the film. Therefore, it 
can be presumed that in the silicon containing a high concentration of 
hydrogen, the effect of addition of halogen will be lowered and that, in the 
silicon containing a low concentration of hydrogen, the effect of addition of 
halogen will be raised. 
[0026] 

Also, it is desired that in the semiconductor film such as silicon, the 
concentration of carbon, nitrogen, and oxygen, as a harmful element except 
the mobile ion, be 7 x 1019 / C m3 or less, preferably 1 x 1019 / C m3 or less. 
This is because these elements cannot be removed even by adding the 
halogen. 
[0027] 

Further, although the gettering of the mobile ion such as sodium, 
lithium, and potassium can be effected by adding the halogen, this effect 
will be counteracted in the cases where these elements exist in excess. 
Therefore, it is preferable that the concentration of the mobile ion be 5 x 
1018 /cm3 or less. 
[0028] 

Then, on the silicon film formed as described above, a silicon oxide 
film is formed in a thickness of 10 to 200 nm as the gate insulating film by 
using the low pressure CVD method or the sputtering method. In this case, 
it is also recommended that halogen material gas be mixed previously into 
a raw material gas or a sputtering gas, in the same way as mentioned 
above. 
[0029] 

Next, on the silicon oxide film, a polycrystalline silicon film or a 
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microcrystalline silicon film, which is doped with phosphorus of about 10^ i 
cm-3, is formed by using the low pressure CVD method or the plasma CVD 
method. Then, the silicon film and the gate insulating film (silicon oxide) 
formed under the silicon film are patterned to form a gate electrode 410 
and a gate insulating film 404. 
[0030] 

Further, a source (drain) region 407 and a drain (source) region 408, 
which contain comparatively a low concentration of impurities (about 1017 
to 1019 cm-3), are formed by implanting ions in a self-alignment manner 
by using the gate electrode as a mask. The portion where an impurity is 
not implanted remains as a channel region 408. Thus, FIG. 4 (A) is 
obtained. 
[0031] 

Next, as shown in FIG. 4 (B), a PSG film 413 is formed on the whole 
surface by using the low pressure CVD method, and then is etched by a 
well-known directional etching method to form side-walls 414 on the sides 
of the gate electrode. Then, a source (drain) region 407a and a drain 
(source) region 409a, which contain a high concentration of impurity, are 
formed by implanting ions again. A region containing a low concentration 
of impurity becomes a source (drain) region 407b and a drain (source) 
region 409b, and forms an LDD. Thus, FIG. 4 (C) is obtained. 
[0032] 

After that, as shown in FIG. 4 (D), a silicon nitride film 405 is formed 
in a thickness of 50 to 1000 nm throughout the surface by using the low 
pressure CVD method. Then, the silicon film is crystallized to activate the 
source region and the drain region by a low temperature annealing at, for 
example, about 600 °C. This process can be effected by a laser annealing. 
Thus, a TFT intermediate product is obtained. 
[0033] 

FIG. 4 only shows one example of the present invention, and it should 
be understood that the present invention is not limited to the above 
process. In the example in FIG. 4, the silicon nitride film, the gate 
electrode, and the source or the drain region are not adjacent to each 
other, like the example in FIG. 3. That is, the example in FIG. 4, unlike the 
example in FIG. 2, does not produce the problem which was worried about 
in FIG. 2, because it is provided the side- walls 414. Further, the example 
in FIG. 4 is characterized in that the adding of a donor or an acceptor can 

1 1 


be easily effected without passing them through an insulating film, unlike 

the example in FIG. 3. 

[0034] 

[Description of Preferred Embodiments] 

The characteristics of a TFT in accordance with the present invention 
will be described below. The TFT used in the present example was an LDD 
type TFT, which was prepared on a quartz glass substrate according to a 
process shown in FIG. 4. First, a silicon nitride film 402 was formed in a 
thickness of 100 nm on the top and bottom surfaces of a quartz glass 
substrate 401 by a low pressure CVD method, and then a silicon oxide film 
(also called a low temperature oxide film (LTO film)) 403 was formed 
continuously in a thickness of 200 nm by the low pressure CVD method, 
and finally, an amorphous silicon film was formed thereon in a thickness 
of 30 nm also by the low pressure CVD method. At this time, the 
maximum process temperature was 600 °C In this process, the films were 
formed by a CVD apparatus consisting of three reaction chambers arranged 
in succession, and when the silicon oxide film and the amorphous silicon 
film were formed, a hydrogen chloride gas (HC1) was added 5 % by volume 
as a halogen adding gas to the raw material gas and then a reaction was 
effected. As a result, chlorine could be added in the silicon oxide film and 
the amorphous silicon film. By a secondary ion mass spectrometric 
analysis, the concentration of chlorine in the silicon oxide film and the 
amorphous silicon film were 2.3 x 10i9/cm3, 3.1 x 10i9/cm-3, respectively. 
In this respect, dichlorosilane (SiCl2H2) and ammonia (NH3) were employed 
as the raw material gas of the silicon nitride film, and disilane (SiiFU) and 
oxygen (O2) and hydrogen chloride were employed as the raw material gas 
of the silicon oxide film, and disilane and hydrogen chloride were 
employed as the raw material gas of the amorphous silicon film. The 
purity of each raw material gas was 6 N. It was verified that the amounts 
of hydrogen atoms in the silicon oxide film and in the amorphous silicon 
film formed in this way were 1 x 10i9/cm3 or less, respectively. Also, 
since the films were continuously formed without being exposed to the air, 
it was verified that the concentrations of carbon, nitrogen, and oxygen in 
the silicon film were 1 x 10i8/ C m3 or less. 
[0035] 

Next, the amorphous silicon film was patterned into an island shape, 
and the very thin surface portion of the amorphous silicon film was 
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oxidized in a thickness of 2 to 10 nm by an anodic oxidation method. The 
anodic oxidation was effected by using a platinum electrode as a cathode, 
by using N-methylacetonamide (NMA) added with KNO2 or 
tetrahydrofurfurylalcohol (THF) as an electrolytic solution, and by a 
constant voltage method at a temperature of 10 to 50 °C. After the 
completion of the anodic oxidation, the amorphous silicon film was 
annealed at 600 °C for 12 hours in an argon atmosphere. Then, a silicon 
oxide film was formed thereon in a thickness of 100 nm by using a 
sputtering method. Here, as the sputtering atmosphere was employed a 
mixed gas of oxygen and argon or other rare gas and hydrogen chlorine in 
which the partial pressure of oxygen was 80 % or more and the 
concentration of the hydrogen chlorine was 10 %. When a film is formed 
by the sputtering method, a defect is generated in an underlayer film by 
the shock of the sputtering. For example, in the case where the underlayer 
is a silicon film, if oxygen atoms are implanted into silicon, the 
concentration of oxygen is increased therein. Under such situation, the 
silicon will be high in a localization level. That is, a boundary between the 
silicon and the silicon oxide will be unclear. However, if the thin anodic 
oxide film is formed previously according to the present example, because 
silicon oxide already exists at the time of sputtering, the oxide film can 
prevent atoms from mixing with each other as described above, thereby 
keeping the boundary between the silicon film and the silicon oxide film. 
[0036] 

After the silicon oxide film was formed, an n+-type microcrystalline 
silicon film containing about 102icm-3 of phosphorus was formed in a 
thickness of 300 nm by using the low pressure CVD method. The 
maximum process temperature in the above film forming was 650 °C. 
Then, a gate electrode was patterned to form a gate electrode 410 and a 
gate insulating film 404. Further, a source region 407 and a drain region 
409 were formed by implanting 2 x 10i8cm-3 of arsenic ion by the ion 
implantation method, whereby FIG. 4 (A) was obtained. 
[0037] 

Next, as shown in FIG. 4 (B), a PSG film 413 was formed by the low 
pressure CVD method, and a side- wall 414 shown in FIG. 4 (C) was formed 
by a directional etching. Further, 5 x 1020 C m-3 of arsenic ion was 
implanted into the regions 407a and 409a by the ion implantation method. 
[0038] 
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Then, a silicon nitride film 405 was formed on the entire surface by 
the low pressure CVD method, whereby FIG. 4 (D) was obtained. Then, it 
was annealed at 620 °C for 48 hours in a vacuum to activate the regions 
407a, 407b, 408, 409a, and 409b. A PSG film was formed as an interlayer 
insulator all over the surface by the low pressure CVD method and a hole 
for an electrode was made to form an aluminum electrode in the source 
region and the drain region. Lastly, for the purpose of a passivation, a 
silicon nitride film was formed again all over the surface by the low 
pressure CVD method. 
[0039] 

A TFT prepared in this way was extremely high in reliability and 
showed that the operational characteristics of the device were not changed 
by a so-called bias-temperature treatment (BT treatment). The BT 
treatment means that a voltage is applied between the source and drain 
and to a gate electrode in a state of heating. Even if a normal device is 
subjected to the BT treatment, the characteristics of the device are not 
changed, but if a device containing, for example, mobile ions is subjected to 
the BT treatment, the characteristics of the device are changed, which is 
shown in FIG. 6. 

[0040] FIG. 6 (A) shows a TFT in which the mobile ions exist in a gate 
insulating film and a channel region. Since alkaline mobile ions 
(designated as A+ in the figure) exist in the channel region and function as 
donors, the channel region becomes a weak N-type (N-), which is referred 
to as a state 1. When a positive bias voltage is applied across the gate 
electrode and the source and drain of the TFT, as shown in FIG. 6 (B), the 
mobile ions (positive ion) will be away from the gate electrode in the first 
place, and then the channel region will be made intrinsic (I-type). This 
state is referred to as a state 2. Accordingly, Id (drain current)- Vq (gate 
voltage) characteristics of the TFT will be moved largely to the right side 
as shown in FIG. 6 (D). 
[0041] 

However, in the case where the mobile ions exist in the gate insulating 
film, the mobile ions gather to the lower portion of the gate electrode (to 
the side of the channel region), because of the bias voltage applied to the 
gate electrode. As a result, the channel region will have a positive electric 
field, and electrons will gather therein, whereby the channel region is 
made a weak N-type again. This state is referred to as a state 3. As 
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shown in FIG. 6 (E), the I D -V G characteristic curve shifts to the left side 
from the state 2 to the state 3. After all, the characteristic curve of the 
TFT is shifted to the right side, compared with the first one. 
[0042] 

Also, in the case where a negative bias voltage is applied conversely, 
the mobile ions gather in the channel region. Then, the channel region 
proceeds to the N-type, thereby resulting in the state in which the drain 
current cannot be controlled by the gate voltage. 
[0043] 

In the present example, to be specific, the gate voltage-drain current 
characteristic of the TFT at room temperature was measured (V B = 0), 
immediately after the TFT was prepared. Then, a voltage of + 20 V was 
applied to the gate electrode at 150 °C for an hour, and the gate voltage- 
drain current characteristic of the TFT was measured at the room 
temperature (V B = + 20 V). Then, a voltage of -20 V was applied to the 
gate electrode at 150°C for an hour, and the gate voltage-drain current 
characteristic of the TFT was measured at the room temperature (V B = -20 
V), and then a change in threshold voltage of the TFT was examined. 
[0044] 

The characteristic of the TFT prepared by the method described above 
is shown in FIG. 7 (B). As shown in FIG. 7 (B), the TFT is not affected by 
the bias voltage Vb, and change in threshold voltage was 0.2 V or less as a 
result of an accurate measurement. 
[0045] 

On the other hand, the TFT shown in FIG. 7 (A) had no silicon nitride 
films 402 and 405, and the concentration of halogen of each film thereof 
was 1 x 1014 cm-3 or less, and except these points, it was prepared by the 
same process as the method described in the present example. As is 
evident from FIG. 7 (A), the characteristic is dependent oh V B to a large 
extent. It is estimated from the range of change in threshold voltage 
shown in FIG. 7 (B) that the content of the mobile ions in the gate electrode 
of the TFT prepared in the present example is in a degree of 8 x 1010 cm-3. 
After the above mentioned measurement, the concentrations of sodium, 
potassium, and lithium in the silicon film (channel region) and the gate 
insulating film of the TFT prepared in the present example were measured 
and the measurements were 3 x 1017 cm-3, 7 x 1015 cm-3, and 5 x 1015 
cm-3, respectively. Although such a lot of alkaline elements existed 
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therein, the amounts of the mobile ions were little. It is presumed that 
this fact is because the alkaline elements were fixed to halogen (chlorine in 
this case). The measurements of the concentrations of sodium, potassium, 
and lithium in the TFT prepared for a comparison showed such a large 
amount as 7 x 1CU8 cm-3, 2 x 10*6 cm-3, and 4 x 10*9 cm-3, respectively. 
This leads to the presumption that the silicon nitride film in accordance 
with the present invention has a blocking effect. That is, the 
characteristics and the reliability of the TFT can be remarkably improved 
by forming the silicon nitride film and by adding the halogen element to 
the TFT (in this case, the silicon film and the gate insulating film) like the 
present invention. 
[0046] 

[Effects of the Invention] 

By the present invention, it is possible to prepare a thin film 
semiconductor device such as a TFT which is little affected by mobile ions 
such as sodium or the like. A TFT can be formed on a substrate on which a 
device has not been capable of being formed so far on account of the 
existence of the mobile ions therein. The present invention can be applied 
to a coplanar type TFT as shown in FIG. 1 to FIG. 4, an inverse coplanar 
type TFT, a stagger type TFT, and an inverse stagger type TFT. Also, since 
the present invention does not impose any restrictions on the operation of 
the thin film semiconductor device, it will be clearly understood that the 
silicon of a transistor may be amorphous, polycrystalline, microcrystalline, 
or of an intermediate state thereof, or single crystal. 
[Brief Description of the Drawings] 

[FIG. 1] FIG. 1 shows an example of a TFT in accordance with the present 
invention. 

[FIG. 2] FIG. 2 shows another example of a TFT in accordance with the 
present invention. 

[FIG. 3] FIG. 3 shows still another example of a TFT in accordance with 
the present invention. 

[FIG. 4] FIG. 4 shows an example of preparing process of a TFT in 

accordance with the present invention. 

[FIG. 5] FIG. 5 shows an example of a conventional TFT. 

[FIG. 6] FIG. 6 shows the effect of a mobile ion on the 

characteristics of a TFT. 

[FIG. 7] FIG. 7 shows the characteristics of a TFT to which the present 
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invention is applied and those of a TFT to which the present invention is 
not applied. 

[Description of the Reference Numerals] 

101 insulating substrate 

102 first blocking film 

103 insulating film for buffering 

104 gate insulating film 

105 second blocking film 

106 interlayer insulating film 

107 source (drain) region 

108 channel region 

109 drain (source) region 

110 gate electrode 

111 source (drain) region 

112 drain (source) region 
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at t y-r Mitv-x*5^s Hi^-f >®j&**i»&-r 

4 1 4 #??£-r ^TSS&Sftfci^&ffiglte: 
[0 0 3 4] 

ST. 52S#5XS«4 0 1 ±43«fctf. ^©g«©«® 
fcMEC VDSi:J;oTifl:SIl4 o 2£JPS l 0 o 

30 itmmm mhumur (ltod 403^ 

JPS 2 0 0 nmMU W9fECVDttC 
ioT*Hi' l J3>IS*4 3 0nm»«Lt. d© 
i*©«i«yn-k*««tt6 0 OTTfcofco f IT. 

K±©xaTrtt. mwcei s nfc 3 ■soasi i 0 
fc*cvDSKe*^T/iU)t3ftfcj&«. »fl:&**fc# 

ffiR->'J 3>JR©^tJR©(R(Ctt. *m#XfiWfc:Auy 
>«JH*XiUT*<l:7K*^X (HC1) €r5*«%^ 

5/iJ 3 >«*©**©«£«. -tft-^ft. 2. 3X10 
,9 ffl/cm 3 . 3. lxl0 19 I/cm- 3 TSofc. S 
43. S-fkS*)l©JIW^7 l i:UTtt. 5?^D-;i/->7> 

(S i C 1 2 H 2 ) (NH 3 ) . mt&& 

K©K»^f^tUTtt. ^->7> (S i 2 H 6 ) t»* 

(o 2 ) t*fl:**. ^SK->'J 3>i©SM7ti 

Ttt. 5?->7>t*^**«*ft^«^fc« »6S«^ 
fft* 6 N©t)©£flft>fc. C©i^»CUT#&ftfeS! 

50 ftt> 1 x 1 0 19 ffl/cm 3 aTT»*di:*«?tBSft 


(6) 

9 

ofcfcft. 5''j3>Rt«lf»Ttt. ft*. &*© 
tkS.it 1 x 1 O l8 I/cra 3 £rFT?*5££:WtttSn 

[0 0 3 5 ] fctc. #fiR->U 3>K£ftttfc^*-= 

JP£2~1 0 nm^dSIKkftCfcoTS^k 
bfc. T#®i!<t:«KN02 &*Jj0bfcN*? l rt'7-fc]*7 
5H (NMA) »5^ttfh7/W F U7 fry V )17 )l 
3-» (THF) £i|j§??££b, a*««**V-Hi /0 
bT, 1 0~5 0 , CTrjE*JEttKJ:oT*;:£ofc. I» 
SMffciHT*. 7^^>*Hftf 6 0 OICTl 2WIB7 

lOOnmMbft. luT, X/1 y *^KIa«&* £ 

7;i>:*>fcb<ttte©#;tf*i*fc**©fi£&#£ 
b. ao, &*©#JE£8 OSBELhibfc. *fl:**if 

aais^tffrs&asn. &&©sfia«t»T5. £©£ 20 

a 7Stt^T«-> U 3 >ttffi*E*Pffi©£ t^ffltSotl 

ttRK»fl:a**«#ftUT^*fcje>. ±!a©£5fcK J f- 
fen*. 

[0 0 3 6] £©»fc8*JR©»J«fc. «EECVD»K 
i,T. U>^ 1 0 21 cm- 3 ga^/ufc*n + ^©mjSa 
i#l£f S 3 0 0 nmf fit±©»M©i 30 

iS/DtXiKU6 5 OtT^ofc. ^©^. y-r Ml 

ao^^-s>y**cat»y-f Mi4 i oty-r h 

•oTat*-1'#>£2 x 1 0 18 cm" 3 ffltftAb. 
£<fctf FU"f>&J£4 0 7, 4 0 9IMlfc. d5b 
T. 84 (A) 

[0 0 3 7] SfcHT. 04 (B) ©J:? ICMJEC VDtt 
IC*oTPSGK4 1 3*»j£b. *rtttXy^>^IC 
i^T. 04 (C) fc;RSn*«fi4 1 4 Sllitl/fco 
iS&fc. *>*T K J; o Tilt* -f :*>£fR*£4 40 

0 7 a£,£tX4 0 9 a C 5 x 1 0 20 c m" 3 ftAl/t. 

[0 0 3 8] fCtt. ±*fC«fl:^*Bt4 0 5£«J£C 
VDSCioTMbfe. :51T. 14 (D) £f# 
fc. g£*6 2 0tt?4 8RfW7--;i'bT. 

^4 07a, 407b. 408, 409a. 409b 
£«tt{k£it-75:o tUT. MJEC VDtticJi-sTJimie 
StltbT, iftlCPSGlSMl- «}gffl©:*£II 

bfco -tbT. /VyM->3><DBMTi# 


*ftBS¥ 5 - 5 5 5 8 1 
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[0 0 3 9] C©J;5KbTje/$£nfcTFTfi&«>T 

S (BT11) K±oTti*f©lfWttii«tftl/ia;l> 
3.t*^$nfc. BTmWtiZ. ttlfittlTV-X, F 

[0040] n 6 (a) tea. ^r«i'r*>A»y'f Kftft 

£ Y f 5 T F T ifiTF. £ tlT H £ . 

m&vtmi t-r-5. icTFToy-f Mitv-7. 

Fb-OWC:. 0 6 (B) (C^Ti^CIEOA'f 7*« 
•fk ( I Slit) f5. CO«I^i2ttli. d©*£ 

tftoid (ph>W) -v g (y-r f« 

JE) tftttt, 0 6 (D) C^Ti^C <f* 
[0 0 4 1] b*»bft*«e>. f-i hffi^lRlCt^ft'f * 
EE©fc»l£. ?T»-f *>*«y-f F€88©~FSR (y^*;U 

<mm) tcmso. e*£b-c. ^y*;m&®«ie©« 
»<NS<kra. £©tt*i£tt<g 

3it4t. 06 (E) CiSnsi^C. ttJ8 2*>6 
ttSS3^l D -V G #ttfi»li£^»T5. «A. A* 
-Y7X«EC:£oT. TFT©#tt«S?>]©*>©fcit^ 

[0 0 4 2] iSfc. iS!ft:ftO/X-f 7^**ntt«'&Ctt 
[0 0 4 3] **Ji«ITf4. *#fl«lCtt. ^©^it-fetC 

siTTFToy'f hmE- h K >««ft#tt*ai5eb 
(v B =0) . -t-©^. 1 5 o"ctib#w. y< ma 

(C+ 2 0 V©m£E£»;L. liSTT F T©^-f Mlffi- 
Hl/'f >*UM9tt*«3£b (V B =+2 0V) . ^CIC. 
n&. 1 5 CCTlWfW. y-T h*«Kl4'«tt-2 OV 

VI >«Sft#tt^S!lSb (V B =-2 0 V) , TFT© 
b* ^«*EOSE» ^M^fco 

[0 0 4 4] 0 7 (B) AtBLhlClEUbfc^ttKJ^T 
f^SbfeT FT©#14"CabSo ^©.tolC. M7^t 

[0045] 0 7 (a) ic^snsfc©^. s^k 

ii!4 0 2 t4 0 5 fefSkltr. TFTOWTtl 


11 

CDftfll©Any>0«*ft'b lxio 14 cm" 3 KTtl 

*J:5K:#tt*«VB C**<«#bTb*oT«r»*. 0 
7 (B) ©U*V»«*ffi©««l*^6*IIJS#iTfl5flL 
ftTFTCDy-f h«®tp©RJiH*>©Stt8 X 1 0 10 

#JT§^L£TFT©v' , .j3>Jl (^ + *;HKtt) 

W<fti:i. *nfn. 3xi0 ,7 cm -3 . 7X1 
0 l5 cm'l 5xlO l5 cm" 3 T$?fc. C©«k5fC*> 
£ 0 # 5 © 7 ; V * 1 J 7C X A* # £ U T V» fc \Z b g5 t> e> r . 
nJl!H:*>©I;/!i*4>ft^©«i. Aay> (£©«•&«& 

n, 7X10 18 cm" 3 , 2xi0 l6 cm -3 . 4X10 19 

it. Auy>jci£TFT (•::©«£■ 

tlCfcoT, TFT©fctt£SL<&*U. ffiigte£ft 
[0 0 4 6] 

[fgBJ©^] *%?8{-<toT. :M- 'J 7 A3?© "Jib -T 

ncti't**. a*. iffi^ 

5It«t^fc. *??BJ£ UMTS lite. 016 


mi] 



7) #BI¥ 5 - 5 5 5 8 1 
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5*8!***;tfil. a»**jtfS©TFTftJB^T , b«fe 

b. *6K»4*«*T*oT ! b**)ft^c:tfiW6*>T 

[0 1] *5HSKJ:*TFT©«t»r. 
/0 [02] **i8fcJ:*TFT©«twr. 
[B3] *»WC«t5TFT©«SS:^-r. 
[0 4] *feiHCJ:*TFTOfP»<»J*«r. 
[0 5] tK*OTFT©«**r. 
[06] ^ft-f*>CJ:STFT©*tt'MZ>»*£a* 
To 

[0 7 ] *f£HJ£fiJ/fl LfcTFT ifiJJB L&HTFT© 


1 0 1 *£&ttg« 

20 102 !B l ©yny + >^Bt 

l o 3 gffijf£&£t 

104 y-r mmmi 

105 IS2©7*n-;/^>:7K 
1 0 6 ffmttftK 

1 0 7 7-X ( H U-f » 

108 ^-V^HKtt 

10 9 HH > (V-X) 

110 y-f h«ffi 

1 1 1 V-X (FU"f » 

30 1 1 2 Kl/-T> VJ — Xi MM 


[0 2] 
210 



201 


(8) #P¥ 5 - 5 5 5 8 

[S3] [H4] 



(9) #§B¥5 - 5 5 5 8 1 
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